The increasing emergence of penicillin-resistant and multidrug-resistant strains of Streptococcus pneumoniae will create a serious therapeutic problem in coming years. Trovafloxacin is a novel naphthyridone quinolone with promising activity against S. pneumoniae, including penicillin-resistant strains (MIC for 90% of the isolates tested, 0.25 g/ml). We compared its in vivo efficacy with that of other fluoroquinolones (ciprofloxacin, temafloxacin, and sparfloxacin) and a reference beta-lactam (amoxicillin) in a model of acute experimental pneumonia. Immunocompetent Swiss mice were infected by peroral tracheal delivery of a virulent, penicillinsusceptible strain (MIC, 0.03 g/ml); leukopenic Swiss mice were infected with three poorly virulent, penicillinresistant strains (MICs, 4 to 8 g/ml) and a ciprofloxacin-resistant strain (MIC, 32 g/ml). Treatments were started 6 h (immunocompetent mice) or 3 h (leukopenic mice) after infection. Doses ranging from 12.5 to 300 mg/kg were given at 12-or 8-h intervals for 3 days. Trovafloxacin (25 mg/kg) was the most effective agent in vivo against penicillin-susceptible and -resistant strains. Corresponding survival rates were 2-to 4-fold higher than with 50-mg/kg sparfloxacin or temafloxacin and 8-to 16-fold higher than with 100-mg/kg ciprofloxacin. The ratios of the area under the concentration-time curve to the MIC in serum and lung tissue were more favorable with trovafloxacin than with the other quinolones. Efficacy in vivo correlated with pharmacokinetic parameters. Trovafloxacin shows potential for the treatment of infections due to penicillin-susceptible and -resistant S. pneumoniae but appears to be ineffective against a ciprofloxacin-resistant strain.
Streptococcus pneumoniae remains the leading cause of community-acquired pneumonia and continues to be a significant cause of mortality (27) . The worldwide prevalence of infections caused by pneumococci resistant to penicillin, macrolides, and other antimicrobials has increased at an alarming rate during the past 2 decades (1, 2). In some countries, the incidence of resistant pneumococci isolated from clinical specimens has reached extremely high levels (50 to 70% in Spain and Hungary) (23) . There is an urgent need for oral compounds active against penicillin-resistant pneumococci in patients with pneumonia, bronchitis, sinusitis, and otitis media (17) .
As a class, the fluoroquinolones possess good in vitro activity against most gram-negative bacteria but only poor or moderate activity against most gram-positive bacteria (10, 12, 13) . The available fluoroquinolones, such as ciprofloxacin, ofloxacin, and lomefloxacin, have relatively high MICs that limit their therapeutic value against pneumococcal strains for which the MICs are around or above the breakpoint (17) .
Trovafloxacin (CP 99,219) is a novel trifluoronaphthyridone quinolone with improved activity against gram-positive bacteria, including some strains resistant to ciprofloxacin (15, 17, 19) . Studies of single-dose pharmacokinetics in humans have shown a long (11.5-h) elimination half-life (t 1/2 ) and good systemic diffusion, allowing once-daily dosing (30) . Several of the newer quinolones with increased antipneumococcal activity (temafloxacin and sparfloxacin) have potent activity in murine models of pneumococcal pneumonia (4, 5) , as well as in the human disease (3, 11) . Oral trovafloxacin controls systemic gram-positive and gram-negative infections in mice and is more potent than temafloxacin, ciprofloxacin, and ofloxacin in protecting mice against lethal infections with penicillin-susceptible strains of S. pneumoniae or S. pyogenes (18) .
We compared the efficacy of trovafloxacin with that of ciprofloxacin, sparfloxacin, and temafloxacin in a mouse model of acute S. pneumoniae pneumonia induced by a penicillin-susceptible strain, three penicillin-resistant or multidrug-resistant strains, and a quinolone-resistant strain. The latter strain was chosen because of the emergence of sparfloxacin resistance in France and elsewhere (28) . Survival, clearance of bacteria from the serum and lungs, and pharmacokinetic data on both uninfected and infected mice were used to evaluate the efficacy of trovafloxacin.
(This work was presented in part at the 36th Interscience Conference on Antimicrobial Agents and Chemotherapy, New Orleans, La., 17 to 21 September 1996 [abstract B-43].)
MATERIALS AND METHODS

Animals.
Female Swiss mice (body weight, 20 to 22 g) were obtained from Iffa-Credo Laboratories.
Challenge organisms. Pneumococcal pneumonia was induced in immunocompetent mice with a virulent serotype 3 strain (P-4241; penicillin MIC, 0.03 g/ml) originally isolated from a blood culture and provided by the Centre de Référence du Pneumocoque (P. Geslin, Créteil, France). All strains belonging to serotypes 6, 9, 14, 19, and 23 are naturally avirulent in Swiss mice, independently of their site of isolation in humans (7, 9) . Thus, leukopenia was first induced in mice infected with these strains. Two serotype 23 penicillin-resistant strains (MIC, 4 g/ml) were used. P-12698 was isolated from a tracheal aspirate, and P-54986 was isolated from a patient with sinusitis; both were kindly provided by the Laboratoire de Microbiologie, Hôpital Bichat, Paris, France. P-15986, a serotype 19 highly penicillin-resistant (MIC, 8 g/ml) and erythromycin-resistant (MIC, Ͼ32 g/ml) strain isolated from middle ear fluid, and P-18316, a serotype 23 ciprofloxacin-resistant strain (MIC, 32 g/ml) isolated from cerebrospinal fluid of a patient with meningitis (P. Geslin), were also tested. The intrinsic characteristics of these strains are different. Both P-12698 and P-15986 are tolerant to penicillin, as they are lysed by about 1 log 10 CFU at 50 times the relevant MIC, whereas P-54988 is not tolerant as it is lysed by about 3 log 10 CFU under the same conditions; moreover, P-15986 is a nonautolytic strain (6) . It was also reported that after exposure to 20 times the penicillin MIC for 6 h, a nontolerant strain loses 4 to 5 log units of its viable count, whereas a tolerant one loses only 1 log unit (24) .
In vitro studies. MICs and MBCs were determined in Mueller-Hinton infusion broth (Diagnostic Pasteur, Marnes-la-Coquette, France) supplemented with 5% sheep blood by the tube dilution method (25) . The tubes contained twofold dilutions of antibiotics and a final bacterial density of 10 6 CFU/ml. The tubes were incubated for 18 h at 37°C in 10% CO 2 -air. The MIC was defined as the lowest concentration of antibiotic at which no turbidity was visible to the naked eye. For MBC determination, 0.01-ml aliquots from tubes with no visible growth were plated onto Columbia agar with 5% sheep blood (Bio-Mérieux, Lyon, France) and incubated overnight at 37°C in 10% CO 2 -air. The MBC was defined as the lowest concentration of antibiotic killing Ն99.9% of the original inoculum.
Leukocyte depletion in mice. We induced sustained leukopenia in Swiss mice by three daily intraperitoneal injections (150 mg/kg) of cyclophosphamide (Endoxan; Sarget Laboratories, Mérignac, France) starting 4 days before infection. Counts of circulating leukocytes were reduced from about 7,000 to 1,000/mm 3 of blood on the day of infection. These mice are more susceptible to poorly virulent strains.
Experimental pneumococcal pneumonia. Pneumococcal pneumonia was induced in mice as described in detail elsewhere (4) . Briefly, animals were anesthetized by intraperitoneal injection of sodium pentobarbital and then infected with approximately 10 5 or 10 7 log-phase CFU of penicillin-susceptible or -resistant strains, respectively. Under these conditions, mice develop acute pneumonia and die within 3 to 4 days. The animals quickly become bacteremic. Death occurs when the bacterial population exceeds 10 8 CFU/lung. Antibiotics. The study drugs included the fluoroquinolones trovafloxacin (Pfizer Laboratories, Groton, Conn.), ciprofloxacin (Ciflox, Bayer Laboratories, Sens, France), sparfloxacin (Rhône-Poulenc, Antony, France), and temafloxacin (Abbott Laboratories, North Chicago, Ill.). Amoxicillin sodium salt (Beecham) was used as the reference antibiotic. Each antibiotic was made up as directed on the package insert and diluted in sterile water to the desired concentration. Although temafloxacin is no longer used in human medicine, it was included in these studies as it was reported to be effective against S. pneumoniae in this model (4) .
Survival studies. Treatments were started 3 or 6 h after bacterial challenge and were given in six or nine subcutaneous injections at 8-or 12-h intervals. Treatment regimens are presented with the results. Fifteen animals were used per treatment group, and all of the animals in the same experiment were infected simultaneously. Experiments were repeated at least twice. When results were similar, no further experiments were performed. Only the results of one representative experiment are given. The observation period was 10 days. Death rates were recorded daily, and cumulative survival rates were compared.
Bactericidal activity in vivo. The study drugs were assessed for the ability to eradicate bacteria in the lungs. Single drug injections were given 3 h after infection. At 1, 3, 6, and 9 h later, mice were killed by intraperitoneal injection of sodium pentobarbital and exsanguinated by cardiac puncture; blood was cultured. The lungs were removed and homogenized in 1 ml of saline. The total numbers of CFU recovered from whole-lung homogenates were determined by serial 10-fold dilutions plated onto Columbia agar. Results are expressed as the mean number (log 10 ) of CFU per lung (Ϯ the standard deviation) for groups of three mice.
Pharmacokinetic studies. The pharmacokinetic profiles of trovafloxacin were examined in parallel in immunocompetent mice infected with P-4241, in leukopenic mice infected with P-54988, and in uninfected controls. Concentrations in lung tissue and serum were determined after administration of a single subcutaneous (s.c.) dose of 25 mg/kg given 6 h (P-4241) or 3 h (P-54988) after infection. Serum samples and lungs were collected from groups of six mice 0.25, 0.5, 1, 2, 4, 6, 8, 12, and 24 h postdosing. Animals were killed by intraperitoneal injection of sodium pentobarbital and exsanguinated by intracardiac puncture.
Blood samples were centrifuged, and serum was collected and stored at Ϫ80°C until assay. Lungs were harvested from exsanguinated mice, washed in sterile sodium chloride, weighed, and frozen.
The concentrations of trovafloxacin were determined by reverse-phase highperformance liquid chromatography with UV detection (280 nm) and solidphase extraction as reported by Teng et al. (31) , with slight modifications. Chromatographic separation was accomplished by using a C 8 ; pH 4). For serum preparation, a 200-l aliquot of the serum calibration standard or an unknown sample containing 0.4 g of an analytic internal standard (a methyl derivative of trovafloxacin) was applied to a Baker C 2 (50-mg) cartridge which had been previously prepared with 2 ml of ACN and 2 ml of phosphate solution (pH 3). The sample was eluted with 700 l of a solution containing 70% buffer, pH 9 (Carlo Erba) and 30% ACN. A 200-l aliquot of eluate was then injected onto the high-performance liquid chromatography column. Lungs were homogenized with 3 ml of buffer, pH 3 (Merck). Supernatants of lung samples were processed in the same way as serum. The calibration curves were linear within a concentration range of 0.125 to 64 g/ml. The average recoveries were greater than 75% for both compounds. The within-day and between-days coefficients of variation in both serum and lungs were less than 5%.
Pharmacokinetic analyses. Concentration-time data were modeled, and pharmacokinetic parameters (peak level, t 1/2 , and AUC 0-24 [area under the concentration-time curve from 0 to 24 h]) were calculated by using nonlinear leastsquares regression analysis (nonlinear Apis pharmacokinetic software) (21) . One-and two-compartment models and F ratios were evaluated. Comparison of the two models by analysis of variance (serum or lung, control or infected animals, both strains) showed no significant F ratio between one and two compartments. The best fit of experimental data was obtained by using a onecompartment open model with zero-order absorption and first-order elimination. Optimization was accomplished by employing the maximum-likehood estimation criterion. C max is the highest calculated concentration; T max is the earliest time at which C max occurred; the terminal t 1/2 was calculated as ln 2/k el , where k el is the elimination rate constant derived from the slope obtained by least-squares regression analysis for apparently linear portions of the log concentration-time curve; and AUC 0-24 was calculated by the trapezoid method.
Statistical analysis. Survival rates were compared between treatment groups by using the Mantel-Haenzel method. Data on bacterial clearance were compared between groups by analysis of variance followed by Bonferroni-Dunn tests for multiple comparisons. Pharmacokinetic analyses were performed by analysis of variance, and the F ratios between one-and two-compartment models were evaluated in the sera and lungs of control and infected animals and with both test strains. Differences were considered significant when P was Յ0.05.
RESULTS
In vitro data. Overall, trovafloxacin was 8 to 16 times more active than ciprofloxacin, 4 to 16 times more active than tema- (Table  1) . Therapeutic efficacy in experimental pneumonia. Immunocompetent mice infected with penicillin-susceptible strain P-4241 (Fig. 1) received six antibiotic injections (twice a day for 3 days). Trovafloxacin at 12.5 and 25 mg/kg protected 91 and 100% of the animals, respectively. Sparfloxacin at 50 mg/kg yielded 73% survival (not significantly different from that produced by trovafloxacin at 25 mg/kg), and temafloxacin at the same dose protected 67% of the animals (P Ͻ 0.05 versus trovafloxacin at 25 mg/kg). Ciprofloxacin protected only 50% of the animals, despite a high dose of 100 mg/kg (P Ͻ 0.05 versus trovafloxacin at 25 mg/kg). Amoxicillin at 5 mg/kg was as effective as trovafloxacin at 12.5 mg/kg.
Leukopenic mice infected with the penicillin-resistant strains also received six antibiotic injections (twice a day for 3 days). When infection was induced by nontolerant strain P-54988 ( Fig. 2A) , trovafloxacin at 12.5 mg/kg protected 100% of the mice. Sparfloxacin at 25 mg/kg also gave a high survival rate (86%). Temafloxacin at the same dose was poorly effective (40% survivors), but 50 mg/kg gave 100% survival. Ciprofloxacin at 100 and 200 mg/kg protected 75 and 100% of the mice, respectively. Amoxicillin at 100 mg/kg gave 90% survival. When infection was induced by tolerant strain P-12698 (Fig.  2B ), trovafloxacin at 25 mg/kg protected 87% of the mice. To achieve a similar survival rate, sparfloxacin had to be given at twice, temafloxacin at four times, and ciprofloxacin at eight times the dose of trovafloxacin. Amoxicillin at 300 mg/kg protected only 57% of the animals. Trovafloxacin at 25 mg/kg protected 93% of the mice from tolerant, nonautolytic strain P-15986 (Fig. 2C) . Sparfloxacin at twice, temafloxacin at four times, and ciprofloxacin at eight times the dose of trovafloxacin were similar in efficacy. Amoxicillin at 100 mg/kg was poorly effective (23% survivors), but the survival rate increased to 67% with 300 mg/kg. Leukopenic mice infected with quinolone-resistant strain P-18316 received a total of nine antibiotic injections (three times a day for 3 days). Only amoxicillin at 50 mg/kg was effective, giving 75% survival. Trovafloxacin and sparfloxacin at 100 mg/kg gave 15 and 8% survival, respectively. Temafloxacin at 200 mg/kg and ciprofloxacin at 300 mg/kg were inactive against this strain in vivo (no survivors). However, no mutants with higher resistance to trovafloxacin emerged during or after treatment.
Bacterial clearance from the lungs. Bacterial counts in the lungs of mice infected with penicillin-resistant strain P-15986 (Table 2 ) and treated with a single injection of antibiotic, regardless the compound, were significantly lower than those in the lungs of untreated controls. At 9 h, bacterial counts fell markedly in the lungs of quinolone-treated mice. No significant differences were found between trovafloxacin at 25 mg/kg and the other quinolones given at higher doses. Blood samples from quinolone-treated mice were sterile as early as 1 h after treatment. Similar bacterial clearance results were found in mice infected with penicillin-susceptible strain P-4241 (data not shown).
Serum and lung pharmacokinetics. The best fit of the experimental data was obtained by using a one-compartment model. The serum and lung pharmacokinetic parameters of trovafloxacin following administration of a single s.c. injection of 25 mg/kg to mice infected with strains P-4241 (immunocompetent mice) and P-54988 (leukopenic mice) and to uninfected controls are given in Tables 3 and 4 . For the other quinolones, these parameters are given in Table 5 . When immunocompetent mice were infected with virulent strain P-4241, serum and lung tissue trovafloxacin concentrations were higher in infected animals than in controls; the peak concentrations were, however, not influenced by the infection status. The t 1/2 and AUCs were twice or three times as large as those of control animals ( Fig. 3 and Table 3 ). In contrast, no differences in trovafloxacin concentrations in the serum and lungs or the AUCs were found between leukopenic uninfected mice and those infected with penicillin-resistant strain P-54988; only the t 1/2 was higher in infected than in uninfected mice in both the serum and the lungs (Table 4) . In immunocompetent mice, lung pharmacokinetic parameters were significantly higher than in immunosuppressed animals, suggesting accumulation of trovafloxacin in phagocytes during inflammation of infected lung tissue.
In P-4241-infected animals, comparison of the pharmacokinetic parameters of trovafloxacin at 25 mg/kg (Table 3 ) and the other quinolones at 50 mg/kg (sparfloxacin) and 100 mg/kg (temafloxacin) (Table 5) showed that trovafloxacin had the longest t 1/2 in the serum and lungs and the largest AUC/MIC ratio. Trovafloxacin was still detectable in lung tissue 24 h after treatment.
DISCUSSION
Trovafloxacin showed better in vitro activity against penicillin-susceptible and penicillin-resistant S. pneumoniae strains than did the commonly used quinolones ciprofloxacin, sparfloxacin, and temafloxacin. The latter two quinolones also had better antipneumococcal activity than did ciprofloxacin.
The in vitro activity of trovafloxacin has been extensively studied. Trovafloxacin has a broad spectrum of activity against gram-positive and gram-negative aerobic and anaerobic bacteria, including some strains resistant to ciprofloxacin (15, 26, 29, 33) . Our data are in agreement with those of Gootz et al. (19) , who found that the MIC of trovafloxacin for 90% of the isolates tested (MIC 90 ) was 4-, 8-and 32-fold lower than those of sparfloxacin, ciprofloxacin, and ofloxacin, respectively, against penicillin-susceptible strains. Moreover, trovafloxacin had the same MIC 50 s and MIC 90 s against strains with reduced susceptibility to beta-lactams and macrolides.
Only one in vivo study (18) of the efficacy of trovafloxacin has been reported, and only one penicillin-susceptible S. pneumoniae strain was used. Our data show that trovafloxacin is more effective than other quinolones against a penicillin-susceptible S. pneumoniae strain in the acute-pneumonia model and that it is as active as amoxicillin. These results are in agreement with those of Girard et al. (18) .
Against the penicillin-resistant strains, trovafloxacin was the most active quinolone. As regards the highly penicillin-resistant and -tolerant strains, trovafloxacin yielded more than 90% survival at 25 mg/kg, whereas amoxicillin at 300 mg/kg protected only 70% of the animals. The other quinolones were significantly less active than trovafloxacin, even at higher concentrations. However, none of the quinolones tested was effective against the quinolone-resistant strain. This agrees with recent data from Gootz et al. (19) , who studied the activity of trovafloxacin against DNA gyrase and topoisomerase IV mutants of S. pneumoniae selected in vitro in stepwise fashion on agar containing ciprofloxacin at 2 to 10 times the MIC. Ciprofloxacin MICs for first-step mutants ranged from 4 to 8 g/ml, whereas trovafloxacin MICs were 0.25 to 0.5 g/ml. MICs for second-step mutants were 32 to 256 g of ciprofloxacin per ml and 4 to 16 g of trovafloxacin per ml. Those authors demonstrated that trovafloxacin protected mice whose lungs were inoculated with a lethal dose of the parent strain or the firststep mutant. While the MIC of trovafloxacin for the mutant was fourfold higher than for the parent strain, the 50% protective dose increased only 1.9-fold, from 6.0 to 11.1 mg/kg.
The excellent in vivo activity of trovafloxacin is partly due to the fact that its in vitro activity against penicillin-susceptible None (control)
a Single s.c. doses were given 3 h after a bacterial challenge. b Values are means (log 10 CFU per milliliter of whole lung homogenate) Ϯ the standard deviation (n ϭ 3). The detection limit was 1 log 10 CFU/ml. The number of animals with positive blood cultures and the total number of animals are in parentheses.
c Greater than all quinolone-treated groups (P Ͻ 0.001).
d Lower than the value for ciprofloxacin (P Ͻ 0.05). and -resistant S. pneumoniae strains is generally higher than that of the older quinolones. However, other factors are involved in the in vivo efficacy of quinolones, particularly pharmacokinetic-pharmacodynamic (PK/PD) parameters (22, 34) . Recently, Forrest et al. (16) and Hyatt et al. (20) reported that the AUC/MIC ratio of ciprofloxacin was the main parameter associated with bacterial eradication and clinical cure in nosocomial pneumonia. Those authors found that the minimal clinically effective AUC/MIC ratio was 125. We recently studied the in vivo efficacy of ciprofloxacin and sparfloxacin in an immunocompetent-mouse model of severe S. pneumoniae pneumonia (8) to probe the lower limits of the AUC/MIC ratio and found that an AUC/MIC ratio of 160 or more was associated with a 100% clinical cure rate. The favorable PK/PD parameters of trovafloxacin with an AUC/MIC ratio far above 160 explain its efficacy. Its longer t 1/2 and its better in vitro activity yield the highest serum AUC/MIC ratio in both immunocompetent and leukopenic mice. The other quinolones had lower AUC/MIC ratios. In particular, the ciprofloxacin AUC/ MIC ratio was only 15 at 100 mg/kg, explaining its poor efficacy. Our results are in agreement with those of Girard et al. (18) , who found that trovafloxacin had far higher AUCs and AUC/MIC ratios in the serum and lungs than did sparfloxacin and temafloxacin in controls and mice infected with a susceptible strain. Moreover, in terms of 50% effective doses, trovafloxacin was more efficacious than the other quinolones. It must be emphasized that immunosuppressed mice had significantly lower PK/PD parameters than did immunocompetent animals, mainly in the lungs. This could be explained by the intracellular accumulation of trovafloxacin in phagocytes. It has been shown with Legionella isolates that trovafloxacin achieves intracellular levels that are up to 28 times the extracellular levels in guinea pig alveolar macrophages (14) . Intracellular levels of this antibiotic were similar to those of erythromycin. It is already known that inflammatory cells serve as a reservoir for cellular uptake and transport of macrolides. The role of leukocytes in the transport and release of azithromycin at the site of infection has been confirmed (32) . Histology of the lungs of infected immunocompetent animals shows that interstitial tissue is invaded by inflammatory cells (4) . It has been shown (31) that the binding of trovafloxacin to serum protein is 89 to 96, 75, and 65 to 67% in rats, dogs, and monkeys, respectively. Although we did not investigate the extent of trovafloxacin binding to serum protein in our mouse model, it is probably also very high. Our pharmacokinetic data match very well the survival response, and protein binding thus probably has little influence on therapeutic outcome, due to a lack of tight binding.
Favorable kinetic characteristics of trovafloxacin have also a Values are for six pooled serum and lung samples taken 0.5, 1, 3, 6, 8, and 24 h postdosing. The MICs and MBCs, respectively, for the challenge strain are as follows: ciprofloxacin, 1 and 2 g/ml; sparfloxacin, 0.25 and 0.5 g/ml; temafloxacin, 1 and 1 g/ml.
FIG. 3. Concentration-time curves fitted to a one-compartment model with plotted experimental data for trovafloxacin in the sera and lungs of mice given a single s.c. injection of 25 mg/kg. A healthy control group and a group challenged with strain P-4241 6 h before drug administration are compared. been found in healthy male volunteers (30) . Doses of 300 mg or less were well tolerated and yielded a C max (4.4 g/ml), an AUC (41.4 g ⅐ h/ml), and a t 1/2 (11.5 h) of the same order of magnitude as those found in the serum of mice after administration of an s.c. injection of 25 mg/kg. The pharmacokinetic profile in our mouse model differs from that in humans in that the t 1/2 in serum is shorter in mice (2.8 and 7.5 h, respectively, in control and infected mice versus 10 h in humans). As a result, the best parameter for comparison is the serum AUC. Despite differences in the doses used, the serum AUCs are of the same order of magnitude: 49.5 g/ml ⅐ h in infected mice (our results) versus 41.4 g/ml ⅐ h in humans after administration of 300 mg.
In conclusion, to be sufficiently active against S. pneumoniae and useful for the empirical treatment of community-acquired pneumonia, a fluoroquinolone would have to exhibit a higher AUC/MIC ratio (i.e., lower MICs and/or higher AUCs via a higher C max in serum and/or a longer t 1/2 in serum) than currently available fluoroquinolones. Trovafloxacin exhibits all of these characteristics and is effective in an experimental model of pneumonia induced not only by a penicillin-susceptible strain but also by penicillin-resistant and multidrug-resistant strains of S. pneumoniae. However, the possible spread of quinolone-resistant pneumococci may compromise the clinical efficacy of this compound. Controlled use of quinolones at optimal doses remains strongly recommended.
